This appendix reports on some mathematical details of analytical calcu1ations on microd08imetric distribution of fast neutrons (Caswell and Coyne, 1972 , 1976 and 1978 Edwards, 1975; Edwards and Dennis, 1975; Giinther, 1979; Giinther and Schulz, 1982) and on Monte Carlo calculations of these distributions (Oldenburg and &OZ, 1970, 1972; Booz and Coppola 19748, 1974b ).
E.1 Analytical Calculations for Neutrons
In analytical calculations, the cada is applied and it is assumed that the charged particles produced travel in straight lines. Formulae for the single-event distributions of energy imparted that result with this assumption will be given for one type of particle; the generalization to a mixed field of different particles is evident.
Important auxiliary functions are the chord length distributions that result from the random transversal of convex volumes. Kellerer (1971b) discusses two different kinds of randomness relevant in the present context:
Mean free path randomness (p.-randomness) . A chord of a convex body is dermed by a point in Euclidian space and a direction. The point and the direction are from independent uniform distributions. This randomness results if the convex body is exposed to a uniform isotropic field of straight infinite tracks.
Internal source randomness (i-randomness). A segment is dermed by a point in the interior of a convex body and a direction. The point and the direction are from independent uniform distributions. This i-randomness is what one obtains if the interior of the body is a uniform source of straight particle tracks.
The probability densities for p.-randomness, I,. (I), and for i-randomness, Ii (l), are related by fi(l) = t So ' " I I,.(x) dx, (E.l) where 1 is the length of chords or segments and I,. 
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Both probability densities, 1,.(1) and li(l), are zero for 1 larger than d. The mean chord lengths are I,. = 2d/3 and Ii = 3d/8.
Chord-length distributions have also been derived for spheroids (Allisy and Boutillon, 1970) and for general cylinders (Kellerer, 1971b) , including the case for circular cylinders (Mader, 1980) and parallelepipeds (Coleman, 1981) .
The number of stoppers and crossers (see Figure 6 .5) is determined by the slowing-down spectra at the surface of the cavity, cJ> (E), and the chord length distribution, t,. (I), The number of the stoppers giving energy imparted, l, between E and E + dE is given by (1) = 0 for I > lmax. ThetermdlldE = l/S(E -E), is the inverse of the stopping power of the particle as it leaves the cavity.
The total number of particles entering the cavity is the sum of all stoppers and Clossers and this, in tum, must be equal to the cross-sectional area of the cavity, A, times the integral over the slowing down (or fluence) spectrum:
This relationship can be used as a check to be sure that the number of stoppers and crossers in the energydeposition spectrum is correct.
The number of insiders and starters is determined by the initial spectrum of particles produced in the cavity, n(E), and the chord-length distribution, Ii(l). The number of insiders with energy imparted between land . E + dl is given by the expression 
where R(E) is the range ofa particle of energy, E, (E = l by definition), and I,. is the average chord length. The starters can start with any energy from E = do E max , the maximum possible energy of the particle, and their number with energy imparted between land E + dds given by
is the average chord length for Jl-randomness and dl/dE is the inverse of the stopping power.
A check on the total number of events due to particles which are produced in the volume can be made by integrating the insiders and starters over all values of energy imparted and comparing this number with the integral over the initial spectrum in the volume. The equation for this comparison is
where V is the volume of interest.
If the surroundings and the volume are of the same material, it is also possible to use Fano's theorem to check that all the energy imparted has been accounted for (Coyne, 1981) .
One obtains the number of stoppers, crossers, insiders and starters for the special case of a sphere of diameter, d, by inserting I,. = (2/3) d andl,.(l} andfi(l) from Eqs.
In order to calculate nCR(l) for a given l, one must integrate over energy, E, being careful to remember that
The maximum energy imparted for insiders is lM, such thatR(lM) = d.
J:
Emax
In order to calculate nSTR( f) for a given l, one must integrate over energy, E, with the condition that when
The single event distribution of energy imparted in the volumes is given by the equation
where n is given by: n = J:<' mftX lnINs(l) + nSTR(f)
From h(d, it is easy to calculate the different microdosimetric distributions defined in Section 2.
E.2 An Example of Analytical Calculations with Transformed Distributions
A completely different analytical method was recently developed by Gunther (1979) . In his approach towards a general theory of DNA-lesion production and cellular radiation effects (Gunther and Schulz, 1972; Gunther et al., 1977) , he employs the function I/{q) =! f 00 (1 -e -qmz/W)!1 (z )dz, (E.16) ZF Jo which implicity contains Il (z), the probability density of specific energy, z, for single events. W is the mean energy expended per ion pair, m is the mass in the volume of interest, and the dimensionless variable, q, reflects the mean number of events. From the function if; (q), which the author calculated for photons, neutrons, ions and delta rays (Gunther and Schulz, 1983) , he derived the quantities iF and in by means of the relations:
where jV'(q) and !l-"(q) are, respectively, the first and second derivatives of !l-with respect to the variable qat q = O. The calculation of I/{q), although based on the continuous slowing down approximation, considers the range and energy straggling of charged particles. The distribution h(z) can be obtained from Eq. E.16 by a transformation which is essentially an inverse Laplace transformation (Gunther and Schulz, 1983 ).
E.3 Monte Carlo Calculation for Neutrons
The random-number generator is a critical part of the Monte Carlo method. The quality of the generator with regard to both the random distribution and the statistical independence of the numbers it generates, is decisive for the relevance of the calculated results. Most random-number generators do not fulfill both re-q~ements. Physical random-number generators, based on the white noise of electronic components, produce sequences of numbers which are statistically independent; however, their randomness is in general not perfect and, therefore, they will not be considered here. Mathematical random-number generators produce pseudo-random numbers, i.e., numbers are equi-distributed between 0 and 1; however, consecutive numbers may not be entirely free of correlation. As a result, it is mandatory to use random numbers from mathematical random-number generators in a sequence different from their sequence of generation. For this "uncoupling" of consecutive numbers, the generation of a pool of random numbers is most convenient (Knuth, 1969) .
The selection of particular values with the help of random numbers is performed in the following way: let x be a random quantity, w(x) its integral probability distribution, and r a number equi-distributed between o and 1. Then the particular value x * which is attributed to the number r is implicitly given by r = w(x*), 0 S X* < "". (E.18) Frequently it is useful to select the value x * between predetermined limits Xl and X2. For example, if the position of the next interaction is to be selected, it is in general useful to chose an upper limit of x so that the particle does not escape the space of interest. Lower limits of x are frequently chosen, to prevent interactions before the particle reaches the space of interest. In such a case, x * is determined by (E.20)
In this way, a particle of weight G i gets a new weight G i +1=g· Gj • Sometimes it is useful to give particular interactions a larger interaction probability than that determined by corresponding cross sections. This so-called method of importance sampling is applied in order to increase the frequency of important but rare events. In compensation, these events are assigned a correspondingly lower weighting factor. The probability of selecting the value X in the interval Xj -Xi-l is given by w(Xj) -W(Xi-I). By using the method of importance sampling, this probability is increased by the factor Pi > 1. Altogether there may be defined n intervals Xi -Xi-lo with i = 1,2, ... , n and with n different factors Pi-Then the particular interval XK -XK-I which is attributed to the number r is implicitly given by This method is used, for example, when the interaction probability with carbon, nitrogen or oxygen is incre~ed in order to obtain better statistics of the correspondmg events, or the interaction probability in the counting gas of a simulated microdosimetric counter is increased in order to get about equal event numbers from the gas and the wall.
